assessment based on traditional air quality data. In one cross-sectional study of adults, subjected to long-term exposure at higher levels, the individual exposure doses were estimated. Associations were then found between sulphur dioxide, the total suspended particulates and total oxidants and symptoms of chronic obstructive pulmonary disease in adults.'? A longitudinal follow-up confirmed the increased risk from high ambient levels of total suspended particulates (TSP), while no effects were seen from sulphur dioxide at ambient levels below 25 |ig/m 3 .
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Irritants not only have a direct effect on cellular biochemical processes, but also increase the risk of allergic sensitization in animal experiments. The aim of the present study was to investigate the possible relationships between low concentrations of common types of urban air pollutants and respiratory and hyperreactivity symptoms when studied with a mail-back questionnaire. Our study design provided an opportunity to use results concerning criteria pollutants from Sweden's largest air quality monitoring network with centrally located city stations, as an objective background exposure characterization for residents in the closest surroundings. The differences in socioeconomic conditions between Swedish towns are moderate and housing standards are similar and high. From an international point of view many of the towns in this study offer relatively clean urban air and our so-called high-exposure areas have air pollution levels which are usually considered to be altogether acceptable from a public health point of view.
Random samples, each of 150 persons between 16 and 70 years of age, were taken from the registered residents in study areas around 55 urban air quality monitoring stations in towns throughout Sweden. The total sample included 8,060 persons after the exclusion of subjects who, during the course of the study, were found to be living outside the chosen areas. Study areas were selected by maps in order to be represented by the city central monitoring station, rarely with any part more than 700 m from the station. The building density and street network were taken into consideration and the local environmental health office was often contacted about the sampling area limits, since they had been involved in siting the monitoring station as representative of the entire town centre. Only areas without gas stoves are included. 
Questionnaire
A postal questionnaire was mailed early in March 1990 and 2 reminders were sent approximately 2 and 4 weeks later. The questionnaire was presented as a broad study on the local environment, work environment, environmental annoyance and health. It also included questions about profession, birthplace, smoking habits and commuting to work or school. The 9 questions about respiratory and hyperreactivity symptoms are shown in the appendix. Our questions were compiled to include what also hypothetically should be sensitive measures of the early stages of respiratory disorders. Six questions dealt with the occurrence of symptoms during the previous 3 months (coughs, irritations of the throat, nose or eyes, allergic rhinitis and asthma symptoms) and for these the answer 'often' was considered to be a positive response. Respondents were also asked whether any of their parents had suffered from asthma. The overall response rate was 76% (6,109 from 8,060). Fifty-five per cent of the responders were women and the mean ages of the men and women were 43 and 45 years respectively.
Methods of analysis
The associations between the 3 air pollution variables and the 9 symptoms were studied, together with potential J confounding factors and determinants using multiple logistic regression analyses to permit simultaneous statistical adjustment and, thus, to facilitate assessment of the effects of each index air pollutant. The analyses were performed using the SPSS/PC software and 95% confidence intervals were calculated for the adjusted odds ratios. The independent variables included in the main analysis were the 3 air pollution variables, with the first and second quartiles as the reference category for each of the 2 higher quartiles and age with the youngest of 6 age groups as the reference category. Gender, parental asthma, daily smoking and self-reported vehicle exhaust exposure almost every day at work were each represented by an indicator variable. The analyses were also made separately for men and women and also for non-commuters. The completion rates for individual questions varied from 100 to 88%, which gave logistic regressions based on 87 (asdima symptoms) to 97% (phlegm) of the responders. Only 0.8% gave no information about their smoking habits.
RESULTS

Air pollution
During the sampling period the air pollution levels were below the Swedish air quality standards at all 55 monitoring sites. The ranges of the half year values were 9-32, 2-16 and 4-17 |ig/m for nitrogen dioxide, sulphur dioxide and black smoke respectively (table I). The corresponding mean values were 19, 6 and 9 and the upper quartile limits 22, 8 and 10 (lg/m 3 respectively. The used indexes of air pollution were affected by a significant correlation between the local nitrogen dioxide and black smoke 6 monthly averages (r=0.55, p<0.01). Sulphur dioxide, as the 6 monthly average, had a positive correlation (r=0.36, p<0.05), black smoke a negative correlation (r= -0.37, p<0.05) and nitrogen dioxide no correlation to the 6 monthly local average temperature. The sulphur dioxide 6 monthly average showed a weak inverse correlation to the local response rate (r= -0.31, p<0.05).
Prevalences and associations
The crude prevalences are summarized in table 2. Attacks of shortness of breath with wheezing are referred to as SOBWHZ in the table and elsewhere in this report. Thirty-seven per cent had 1 or more positive responses (39% among women and 35% among men), 1% had 7 symptoms or more and 0.1% had all 9 symptoms. Table 3 shows the age-and sex-standardized odds ratios in the logistic models. A parent with asthma was consistendy and significantly associated with a higher frequency of all 9 symptoms (OR=1.43-3.74). Smoking was positively associated with a risk of having a cough, phlegm, SOBWHZ and a persistent cough with colds, but not with frequent irritation or allergic rhinitis and asthma symptoms. The self-reported vehicle exhaust exposure at work almost every day was significantly related to the presence of all of the symptoms analysed (OR=136-1.81) except for allergic rhinitis.
Residence in the upper quartile nitrogen dioxide areas was significantly associated with coughs (OR=1.41, 95% Cl: 1.07-1.87), throat irritation (OR=1.58, 95% Cl: 1.21-2.08) and nose irritation (OR-1.42,95% Cl: 1.09-1.84). Significant odds ratios for residence in the upper quartile sulphur dioxide areas were found for coughs (OR=1.48, 95% Cl: 1.15-1.90), nose irritation (OR=1.40, 95% Cl: 1.10-1.78), allergic rhinitis (OR=1.34, 95% Cl: 1.02-1.75) and phlegm (OR=1.18, 95% Cl: 1.00-1.38). In addition, the third sulphur dioxide quartile was associated with almost the same risks for nose irritation, allergic rhinitis and phlegm. A significantly higher risk for SOBWHZ was seen only in the third quartile. Black smoke was not significantly related to any symptom evaluated in this study. When the same analyses were made stratified by gender, all 9 odds ratios for residence in the upper quartile nitrogen dioxide areas were higher for women than for men, while the opposite was true for 7 of the 9 odds ratios for residence in the upper quartile sulphur dioxide areas. Table 1 The In this study a network of centrally located air quality stations has been used to estimate the surrounding population's exposure to low levels of regulated index pollutants. Individual doses in each area sample vary, of course, with housing, the work environment and leisure activities and the exposure variable itself will probably result in an underestimation of possible associations. Sensitive indicators of response may also be influenced by individual predispositions. We have considered factors that may influence each individual's responsiveness to a given dose, e.g. sex, age and a parent with asthma and factors that primarily influence the person dose, e.g. smoking, exposure to air pollution in the work-place and commuting.
In the main analysis 9 logistic regression models, residence in the upper quartile pollution areas gave 25 out of 27 odds ratios above 1.0, of which 7 had die lower 95% confidence limit above 1.0. Moreover, 4 and 3 out of 9 were significant for sulphur dioxide and nitrogen dioxide respectively. When die analyses were stratified for gender, the associations between air pollution and symptoms in general became insignificant among men. Among women risks associated with residence in the upper quartile nitrogen dioxide areas became higher. This could indicate differences between die sexes in susceptibility and/or in uncontrolled confounding. There are some recent reports on ambient air pollution and respiratory effects in children, where die relative risks have been higher in girls than boys. 22 ' 23 However, established biological explanations are still lacking. When commuters were excluded from die analyses, the risks related to nitrogen dioxide exposure were increased, while die opposite was true for sulphur dioxide. This restriction probably decreased die problem widi misclassification of individual exposure to traffic-related pollutants such as nitrogen dioxide. Thus, the risks related to the nitrogen dioxide level seem to be confirmed by better exposure estimates. In the logistic regression we adjusted for smoking habits with a dichotomous variable, since there were no signi- Table 3 Age-and sex-adjusted odds ratios and 95% confidence intervals from the logistic regression analyses ficant differences between the symptoms in daily smokers, occasional smokers and former smokers. Three of the symptoms associated with air pollution were not related to smoking (throat irritation, nose irritation and allergic rhinitis), while 2 of the symptoms were clearly related to smoking (cough and phlegm), a pattern which does not suggest that the pollution findings resulted from a generally inadequate smoking adjustment. In addition, the prevalence of daily smoking and the prevalence of subjects suffering from exposure to passive smoking, did not show a significant correlation with any of the 3 pollution variables (n=55, r= -0.18-0.19). A series of additional analyses has been performed as a sort of sensitivity analysis. The corresponding analyses, with the lowest third as a reference category and the highest third as a high exposure category and with air pollution levels as continuous variables, showed the same patterns as the main analysis. Separate subanalyses were also performed, using job category and climate zone as independent indicator variables as well, but no significant relationship was found. Passive smoking was also tested in the logistic regressions, but was not included when found not significant in any of the models if smoking habits were included. In order to study attitudes to local air pollution problems in relation to air pollution levels, we also dichotomously analysed the statement that local politicians usually underestimate the effects of vehicle emissions in a logistic regression with the same independent variables as in die main analysis. This opinion was significantly more frequent among women (OR=1.38) and subjects with a parent with asthma (OR=1.26). No significant relations to air pollution levels were found. It appears unlikely that the effects of air pollution on the occurrence of symptoms could be the result of attitudes or a different environmental awareness affecting symptom reporting, since it seems that no relations between air pollution levels and attitudes to the management of local problems of motor vehicle emissions, according to the questionnaire data, exist in this study. A selective migration of persons with more serious respiratory problems such as asthma from the most polluted areas may have caused an underestimate of air pollution effects. Since all the areas were urban areas, the problem should be less than with simple urban-rural comparisons. However, only longitudinal studies over several years can fully account for such effects and at the same time give information on the medical significance and prognoses of various self-reported respiratory problems. The levels of exposure to air pollution that were studied are representative for most Swedish towns with 10,000-150,000 inhabitants, local motor vehicle traffic being the most important source of nitrogen oxides and vehicle exhausts being the most frequently notified problem of air pollution. Areas with the highest sulphur dioxide concentrations also have the most serious problems with other long-distance-transported air pollutants. One can therefore conclude that nitrogen dioxide levels and sulphur dioxide levels are different kinds of air pollution indexes, where sulphur dioxide in itself is not necessarily important as a causal agent in this study. In spite of the moderate exposure levels, we found positive correlations between nitrogen dioxide and sulphur dioxide and a number of respiratory symptoms such as coughs, throat irritation and nose irritation. The significant odds ratios in all models point consistently towards a higher risk among the more highly exposed than among the reference subjects. The suggested effects of exposure to low levels of air pollution are noteworthy, since they are found within levels usually considered to be safe.
1 However, it is important to underline that the possibility of detecting weak low-dose effects may also depend on the degree of disturbing exposure in the so-called low-exposure group which, in this study, is believed to be low. For example, no areas with gas-stoves are included in this study. Moreover, the small socioeconomic differences between different Swedish town centres are of value from a methodological viewpoint.
